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Abstract: Metallic nanoparticles serve as vehicles for delivery of bioactive 
molecules from plants having distinct advantages over crude extract, which 
includes enhanced solubility, bioavailability and pharmacological activity. 
Annona muricata leaf aqueous extract acted as the reducing and stabilizing 
agents with aurochlorohydric acid as the substrate. In the characterization 
studies of the biofunctionalized gold nanoparticles (A*AuNP), UV-Vis 
spectroscopy was used to determine the surface plasma resonance vibration, 
X Ray Diffractometry was used to determine the structure and FT-IR 
spectroscopy was used to determine the functional groups present. Male 
Wister rats were administered doses of 100 or 200mg A*AuNPs/kg body 
weight and also 100mg/kg body weight of crude extract, AMAE and gold 
nanoparticles standard, S*AuNPs. The effects of the treatments on 
hematological parameters were determined in the plasma using standard 
techniques. Erythrocyte osmotic fragility was determined 
spectrophotometrically. The reduction of gold ions into gold nanoparticles 
(i.e. Au3+ to Au0) took place within 45 min of reaction time at 60oC and 
pH of 9.2. The characterization studies reported that the average crystalline 
size of the formed nanoparticles was 13nm. The study suggests that 
A*AuNPs exhibited significant changes (P<0.05) in some hematological 
parameters in rat model and significant reduction (P<0.05) in erythrocyte 
osmotic fragility compared to control group and therefore offers potential to 
be exploited for various biotechnological use.    
Keywords: Gold nanoparticles, Annona muricata, Hematology, Erythrocyte, 
Osmotic fragility 
  
Introduction  
Nanomedicine is making huge impact in 
the healthcare sector for the treatment of 
various chronic diseases. Hence, eco-
friendly synthesis of nanoparticles is 
considered as building blocks of the 
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forthcoming generations to cure or 
manage various diseases [1]. Much 
attention has been drawn to Plant 
mediated nanomaterial due to their 
physicochemical properties. Ahmed et 
al. reported that different parts of plant 
such as leaves, fruits, stem, root, callus, 
peel, and flower are used to synthesize 
metallic nanoparticles of various shapes 
and sizes [2]. 
  
The gold nanoparticles (AuNPs) has 
drawn wide majorly due to the relative 
ease of their synthesis, their good 
biocompatibility, their optical 
characteristics and allowing easy control 
of their sizes and shapes [1]. The use of 
plant extracts for the synthesis of 
AuNPs has been reported in several 
research papers which includes 
Cymbopogon citrates [3], Syzygium 
cumini and Trianthema decandra L [4], 
Micrococcus luteus [5], Cacumen 
Platycladi [6], Nerium oleander [7], 
Butea monosperma [8], Brassica 
oleracea L [9], Zingiber officinal [10] 
and Suaeda monoica [11].   
 
The role of phytochemicals present in 
plant extracts in the reduction of metal 
ion and capping of newly formed 
particles during their growth processes 
has been reported [12]. However, 
Annona muricta L., commonly known 
as graviola, guanabana or Soursop, the 
plant used for this research was 
extensively described in the work of Tai 
et al. [13].   
 
The mechanism of synthesis of AuNPs 
using different biological agents is still 
debated. A few hypotheses have been 
proposed to give some insights on the 
mechanism of the biosynthesis of 
AuNPs. However, Basavegowda et al, 
proposed that the hydroxyl and carbonyl 
groups of flavonoid derivatives coupled 
with other bioactive molecules in water 
extracts binds firstly with gold ions to 
form gold complexes, which were 
reduced to seed particles (Au0). 
Agglomeration and clusters formation of 
the reduced seed particles ensues, which 
act as nucleation centres and catalyze 
the reduction of the remaining metal 
ions into nanoparticles.  They further 
explained that during the reduction 
process, hydroxyl (-OH) groups are 
converted to their respective 
oxidized/quinine forms during oxidation 
and they take part in the stabilization of 
the nanoparticles through electrostatic 
interaction with the negatively charged 
carboxylic (O-C-O) group which 
synchronized with soft metals to form 
complex [12].   
The accumulation of AuNPs in the body 
following repeated  administrations 
can reach toxic  levels. Haematological 
investigation can reveal the extent of 
toxicity of AuNPs in animal models.  
The Erythrocyte Osmotic Fragility 
(EOF) is a measure of the erythrocyte 
overall response to osmotic pressure and 
is influenced by several extrinsic and 
intrinsic factors [14]. The EOF can 
measure the tensile strength of the red 
cell membrane and has been found to be 
altered in various pathological 
conditions [15].  The integrity of the 
RBCs may be determined by measuring 
the changes in EOF. Measurement of  
EOF has been applied to the diagnosis 
of haemolytic diseases, diabetes mellitus 
and studies of membrane permeability, 
as an important indicator of haemolysis 
in blood vessels [16, 17].  
 
The study presented here describes the 
biosynthesis of gold nanoparticles by 
bioreduction of Au3+ with aqueous 
extracts of Annona muricata leaf, as 
reducing and stabilizing agents and the 
consequent effects of these 
biofunctionalized gold nanoparticles on 
   34 
Avan E. D., et al                                                                            CJPL Special Edition (2018) 1(2) 33-45 
 
hematological profile and erythrocyte 
osmotic fragility in male Wister rats.  
  
Materials and Methods  
Materials  
Leaf  extracts of Annona muricata Linn, 
AMAE, Aurochlorohydric acid, 
HAuCl4.3H2O of analytical grade, 
products of Sigma Aldrich, gold 
nanoparticles standard, S*AuNPs 
(Cytodiagonistic, Canada), Sodium 
chloride, Na2HPO4, NaH2PO4 and 
distilled-deionized water.  
 
Sample collection and Authentication  
Fresh Annona muricata L. plant leaves 
were collected in the month of January 
from a household garden in Ugbowo 
District, Benin City, Edo State, Nigeria. 
The plants were identified and 
authenticated at the department of Plant 
Biology and Biotechnology, University 
of Benin, Nigeria.    
Preparation of Extract  
The leaves were washed several times 
with tap-water to remove dust and dried 
at room temperature (28 ± 2 °C) for 15 
to 20 days. The dried plant leaves were 
cut into small pieces, powdered 
mechanically using an electrical 
stainless-steel blender and decocted 
(1.41 kg with 10 L water). The aqueous 
extract was freeze-dried to obtain the A. 
muricata aqueous extract (AMAE) 
weighing 235 g (16.66% w/w yield) 
which was kept at 4 °C for the gold 
nanoparticles synthesis.   
 
Preliminary Photochemical Screening   
Freshly prepared AMEA were subjected 
to standard phytochemical analysis for 
secondary metabolites.  
The presence of alkaloid was confirmed 
by the method of Trease and Evans [18]; 
flavonoid content by the method of 
Chang et al. [19], total phenol and 
phenolic content were confirmed by the 
method of Kaur and Kapoor [20]. 
Steroid, Anthraquinone, Tannin, 
Saponin and carbohydrate were all 
determined by standard methods.    
Biosynthesis of Gold Nanoparticles 
(A*AuNPs)  
Synthesis of the biogenic gold 
nanoparticles with Annona muricata 
aqueous extract was done as described 
by Dare et al., [21]. Briefly, the 
biofunctionalized gold nanoparticles 
(A*AuNPs) were prepared by mixing 10 
ml of the gold ion solution (1.0 mg 
HAuCl4) with 100 ml of 100mg of 
Annona muricata crude extract. The 
conical flask containing the mixture was 
heated on a water bath at a temperature 
of 60oC at a pH of 9.2 for 45mins 
minutes. The observation of a pink-
purple colour signified the formation of 
gold nanoparticles.  
  
The surface plasma resonance vibration 
was measured using UV-VIS 
spectrometry [Shimadzu UV160U 
Shimadzu Corp, Kyoto, Japan]. A 
quantity of 0.01g/ml of nanoparticles 
solution was read at wavelength range 
between  
350 and 600nm with distilled water as 
the blank  
  
Characterization of the Nanoparticles  
A*AuNPs were characterized by the 
following techniques: The surface 
plasma resonance vibration was 
measured using a UV-VIS 
spectrophotometer [Shimadzu UV160U 
Shimadzu Corp, Kyoto, Japan]. A 
quantity of 0.01g/ml of nanoparticles 
solution was read at wavelength range 
between 350 and 600nm with distilled 
water as the blank. The structure were 
analyzed by X-ray diffraction (XRD) 
measurements by adding 1mg sample to 
a glass slide and heated at 400oC to 
obtain a thin film and diffraction 
intensities using PAN analytical X-ray 
diffraction machine with Cu Kα 
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radiation in the angular range 3° ≤ 2θ ≤ 
50°.  
The size of the nanoparticles was 
calculated from the line broadening of 
X-ray diffraction peak according to the 
Debye-Scherer’s formula  
                        D = kλ / β Cos θ,  
Where D is the thickness of the 
nanocrystal, ‘k’ constant, ‘λ’ 
wavelength of X-rays, ‘β’ width at half 
maxima of reflection at Bragg’s angle 
2θ, ‘θ’ Bragg’s angle.  
FT-IR spectroscopy of AMAE and 
A*AuNPs were obtained in the range 
4000 to 400 cm-1 with a BRUCKER 
FT-IR spectrophotometer by KBr pellet 
method.   
 
Animal Grouping and Treatments  
Male Wister rats were allowed to 
acclimatize for two week and then 
divided into five groups of eight (8) rats 
per group. Group I was given normal 
feed and served as control, group II was 
given 100mg AMAE/kg body weight , 
group III was given100mg S*AuNPs 
/kg body weight, group IV was given 
100mg A*AuNPs/kg body weight and 
group V was given 200mg A*AuNPs/kg 
body weight.  
All treatments were given orally, once 
daily for 28 days. This study was carried 
out following approval from the Ethical 
Committee on the use and care of 
animals of the Department of 
Biochemistry, University of Benin, 
Benin City, Nigeria.  
 
Gross Necropsy and Observation   
During the period of experimentation, 
all the animals used were subjected to a 
detailed gross necropsy that included 
careful examination of the external 
surface of the body, all orifices and 
cranial, thoracic and abdominal cavities. 
Behavioral changes, depression, 
salivation, diarrhea, muscular weakness 
and sedation were also observed [22].    
Collection of Blood Samples  
After 24 hours of the dosing at days 7, 
14 and 28, blood samples from all 
treatment groups and control, were 
collected from all the animals by cardiac 
puncture into EDTA bottles.  
Hematological Analysis   
The effects of A*AuNPs on 
hematological parameters were analyzed 
using an automated blood cell count 
analyzer (SYSMEX KX-21: Sysmex 
Corporation, Japan).   
 
Determination of Erythrocyte Osmotic 
Fragility  
The erythrocyte osmotic fragility was 
evaluated using a previously described 
method [23]. Briefly, 1% sodium 
chloride (NaCl) solution was dissolved 
in a biphosphate buffer (1.3 mg/mg 
Na2HPO4 and 0.24 mg/mg 
NaH2PO4.2H2O) solution. Lower 
dilutions of NaCl solutions (0.1%, 0.2%, 
0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8% 
and 0.9%) were prepared in test tubes 
and a tenth test tubes contained only 
distilled water (0.0%) and 5 ml of each 
were used. To each test tube 10μl of 
blood was pipetted, thoroughly mixed 
and allowed to stand for 30 minutes at 
room temperature. The test tubes were 
then centrifuged at 3,000 rpm for 10 
minutes.  
The optical density (O.D) of each 
supernatant was measured with a 
spectrophotometer [Shimadzu UV160U 
Shimadzu Corp, Kyoto, Japan] at a 
wavelength of 540 nm using distilled 
water as blank.  
The degree of hemolysis in the distilled 
water test tube was taken as 100% and 
the others were read in relation to it. A 
cumulative erythrocyte osmotic 
flagiligram was obtained by plotting the 
mean percentage hemolysis for the five 
groups against the concentrations of the 
NaCl solution.   
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Statistical Analysis 
Data obtained from hematological 
analysis were subjected to Student’s t-
test and expressed as mean ± standard 
error of the mean (Mean ± SEM). One-
way ANOVA was employed to 
determine the differences between 
groups followed by Turkey’s post-hoc 
comparison test. Values of P<0.05 were 
considered significant. The EOF results 
were expressed in simple percentages.  
 
Results and Discussion  
The results of the phytochemical 
screening of the crude plant extracts 
(Table 1) revealed the presence of 
alkaloid, Saponins, carbohydrate, 
polyphenols, steroids and flavonoids. 
Anthraquinones and Tannin were least 
abundant.  
 
       Table 1: Phytochemical constituents of Annona  
               muricata leaf aqueous extract (AMAE). 
 
Phytochemicals  Indicators  
Polyphenols    ++  
Steroids  ++  
Alkaloid  ++++  
Carbohydrates  ++++  
Phenolics  ++  
Flavonoids  ++  
Saponin  +++  
Tannin  ++  
Anthraquinones  ++  
 
              Key: ++++   (high), +++ (moderate), ++ (low)  
The colour changes arise from the 
excitation of surface Plasmon vibrations 
with the AuNPs. The SPR of both 
A*AuNPs and S*AuNPs, produced 
peaks centered near 530nm (Figure 1) 
indicating the reduction of Au
3+
 to Au
0
 
(Grace, and Pandian; 2007). It was also 
observed that the reduction of gold ions 
into gold nanoparticles was completed 
at about 45 min at a temperature of 60
o
C 
and pH of 9.2, indicating rapid 
biosynthesis of gold nanoparticles. XRD 
analysis showed peaks located at angles 
(2) 38.24o, 44.45o and 66.30o 
corresponding to (1 1 1), (2 0 0) and (2 
2 0) planes of the AuNPs (Figure 2).  
The mean size of gold nanoparticles was 
calculated using the Debye–Scherrer’s 
equation by determining the width of the 
(111) Bragg’s reflection, which showed 
the size of the biofunctionalized 
nanoparticles to be about 13 nm
.   
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                             Figure 1:  UV-visible spectra of A*AuNPs   
 
 
 
                            Figure 2: XRD pattern of A*AuNPs. The principal  
                                  Bragg
 
reflections are identified.  
 
 
  
The results obtained from the FT-IR 
spectrum for Annona muricata aqueous 
leaf extract displays a number of 
absorption peaks, reflecting its complex 
nature (Figure 3). The study further 
revealed that the carboxyl (−C=O), 
hydroxyl (−OH), and amine (N-H) 
groups in Annona muricata leaf extract 
are mainly involved in reduction of 
Au
3+
 ions to Au
0
 nanoparticles due to 
large shifts of these peaks in the spectra 
following AuNPs formation.    
Hence, the major phytochemicals 
responsible for the spontaneous 
reduction of gold metal ion (Au
3+
 to 
Au
0
) and capping of the nanoparticles 
are flavonoids, terpenoids, carboxylic 
acids, quinones, aldehydes, ketones and 
amides [24].  
No negative clinical signs were 
observed in the rats in all the treatment 
groups. There were no changes in the 
nature of stool, urine and eye colour. No 
mortality was observed in all treatment 
groups from the critical 24 hours post 
administration to the end of the Twenty 
eight day, an indication that the 
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A*AuNPs may have been well tolerated 
by the rats.   
The osmotic fragility assay is a 
classical, rapid, useful and easy 
technique that is used to obtain relevant 
information about the interactions of 
natural and synthetic drugs with cellular 
membrane [25]. The results of EOF 
(figure 4) shows an increased 
haemolysis in the control group (0.9% 
NaCl), relatively modest hemolysis in 
the group treated AMAE, while the 
group treated S*AuNPs showed 
delayed manifestation of heamolysis at 
days 7 and 14 but a slight increase at 
day 28.  A*AuNPs at 100mg/kg b.w 
showed sustained delayed manifestation 
over the 28 days treatment while 200 
mg/kg b.w A*AuNPs showed no 
significant changes in erythrocytes 
osmotic fragility at various NaCl 
concentrations over the 28 days of 
treatments.   
It has also been reported that some 
drugs are capable of inducing 
alterations on the shape and physiology 
of erythrocytes which predisposes them 
to damage, or/and lead to production of 
additional damaging factors and agents 
[26], which may include oxidative 
stress, which involves reactions with 
membrane lipids and proteins that alters 
membrane structure [27, 28]. Oxidative 
stress has been implicated in a number 
of factors that contribute to erythrocyte 
aging and removal from circulation 
[29]. However, erythrocyte possess the 
antioxidant defence, consisting of non-
enzymatic antioxidants including 
glutathione and enzymatic antioxidants 
including catalase and peroxiredoxin2 
[30, 31]. Also, both Annona muricata 
and bare gold nanoparticle has been 
reported to possess antioxidant abilities. 
The synergy between the 
biofunctionalized gold nanoparticle and 
the erythrocyte defence system may 
explain the reason for the sustained 
delayed manifestation, relatively 
modest haemolysis of the erythrocyte 
and non-significant effects at days 7, 14 
and 28 in a likely concentration 
dependent manner. The results of the 
hematological indices investigated in 
this study as shown in Tables 2 and 3 
revealed non-significant (p < 0.05) 
changes in RBC counts in all treatment 
groups except the group given 100 mg 
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Figure 3
 
: FT-IR of (A) biofunctionalized gold nanoparticles, A*AuNPs
 
 and (B) Annona  
muricata leaf extract, AMAE  
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Figure 4
:
 Effect of treatments on Erythrocyte Osmotic Fragiligram
 
 at day 7, 14 and 28  
                 respectively. Values are presented as mean (n = 6) ± SD 
 
 
 
 
 
    Table 2: Red Blood cell differentials of rats after 28 days of treatment 
  
    
   
 
 
 
 
Group  
RBCs  
(x103/μl)  
 
 
 
 
Hb (g/dl)  
 
 
 
 
PCV (%)  
  
  
  
 
MCHC (g  /dl)  MCH (pg)  MCV (fl)  
I  3.61±0.30abcde  11.20±0.20a  40.16±0.20ab  42.20±2.00 abce  23.97±2.00ace  62.47±1.00ace  
II  3.47±0.4 0bacde  11.57±0.10bc  41.53±0.10be   42.70±1.00ba  24.77±1.00b  63.17±1.00 b  
III  3.75±0.10cabde  11.31 ±0.30cb  43.01±0.20c  41.82±3.00 cad  23.89±1.00cae  62.42±2.00ca  
IV  3.33±0.40db  12.03 ±0.10d  38.98±0.30da  41.37±2.00 dc  24.20±1.00d  61.83±3.00de  
V  3.64±0.20eabc  11.22 ±0.10ae  41.57±0.10eba  42.10±1.00 ae  23.83±2.00eca  62.00±2.00eac  
Data are reported as mean (n = 6) ± SEM. Values in the same column and category not 
sharing a common letter (a–e) differs significantly at p < 0.05. Hb, hemoglobin; cells; RBC, 
red blood cells; MCV, mean corpuscular volume; MCH, mean   corpuscular hemoglobin; 
PCV, pack cell volume; MCHC, mean corpuscular hemoglobin content   
 
 
 
Red Blood cell differentials 
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        Table 3: Platelets, white blood cells and differentials of rats after 28days of treatment 
 
Group  
  
     
 
 
Platelet (μl)  
                         
 
 
WBC (X103/μl)  
                
  
 
 Lymphocytes  
      (%)   
ls  
 
            
         Monocytes (%) 
 
 
 
Neutrophils (%)  
I  302.67±2.08ac  3.32 ±0.08a  64.53±0.30 ade  13.63±0.40ab  28.89±0.60ae  
II  306.17±0.08bde  3.87 ±0.10b  
72.16±0.20 b   
13.51±0.50ba  33.15±0.30bc  
III  302.35±3.01ca  4.12 ±0.20ce  79.01±0.50 
c  13.97±0.10cab  33.83±0.50cb  
IV  305.33±4.73dea  3.53 ±0.10d  67.88±0.30 dae  13.51±0.50dba  31.76±0.30d  
V  305.00±3.46ed  4.15 ±1.00ec  65.47±0.60 ea  14.01±0.20ecab  28.93±0.40ea  
 
   Data are reported as mean (n = 6.) ± SEM. Values in the same column and category not 
sharing a common letter (a–d) differs significantly at p < 0.05. WBC, white blood count 
 
A*AuNPs/kg b.w.  The results RBCs 
differentials showed diverse response 
to treatments, as some indices relating 
to the total population of red blood 
cells (Hb and PCV) revealed non-
significant (p < 0.05) changes in the 
200 mg A*AuNPs/kg b.w whereas 
other treatments groups showed 
significant changes. A*AuNPs on 
RBCs might be an indication that the 
balance between the rate of production 
and destruction of the blood corpuscles 
(erythropoiesis) was not altered [32]. 
Non-significant changes in MCV and 
MCH was recorded in all treatment 
groups except in the groups given 
100mg AMAE /kg b.w and 100 mg 
A*AuNPs for MCH and 100 mg 
AMAE /kg b.w for MCV.  Frontline 
defence by the erythrocyte maybe 
responsible for observed changes in the 
average 
 
Hb content in individual erythrocytes. 
The decrease in MCV indicates that 
older and healthier erythrocytes were 
destroyed [30], apparently due to the 
treatment-induced cytotoxic stress. 
The results obtained in 200 mg 
A*AuNPs /kg b.w, demonstrated the 
combined protective role of the 
antioxidants, Annona muricata and 
gold nanoparticles on erythrocyte 
membranes. Treatment of male Wister 
rats with A*AuNPs produced no 
significant changes in total WBC. 
However, plasma platelet level 
increased significantly in the groups 
treated 100 and 200 mg A*AuNPs /kg 
b.w., suggesting enhanced 
cytoprotetive potential of Annona 
muricata in which platelets can adhere 
to the walls of the blood vessels, 
release bioactive compounds, and 
aggregate to each other, resulting in 
increase in arterial thrombosis and 
atherogenesis [33]. Agu et al., 
hypothesize that this activity may 
involve stimulating increases in bone 
marrow platelet production, increased 
mobilization, as well as direct 
modulatory interactions with 
biomolecules synthesized, store, or 
released by the platelets [34].   
The result obtained in the present 
study clearly indicated the role of 
Annonna muricata biofunctionalized 
gold nanoparticles in maintaining 
erythrocyte membrane integrity and, 
consequently, decreasing the degree of 
haemolysis in male Wister rats. The 
various indices investigated in this 
White Blood cell differentials 
     42 
Avan E. D., et al                                                                            CJPL Special Edition (2018) 1(2) 33-45 
 
study provides useful suggestions that 
can be employed to assess the 
biocompatibility of A*AuNPs in living 
systems.   
 
Conclusion  
In this work, we show an eco-friendly 
synthesis of gold nanoparticles by the 
aqueous leaf extract of Annona 
muricata.  The extract-initiated 
nucleation and growth of the 
nanoparticles. Alkaloids, flavanoids 
and tannins present in the plant 
extracts have been considered to be 
responsible for the bioreduction 
process. The biofunctionalized gold 
nanoparticles are considered safe for 
biotechnological applications. Hence, 
can be recommended for use in target 
drug delivery for different diseases.  
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